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FIG. 3. CurlcIlt-voltage chRlactcI'1stlcs Illcasurcd oQ R mlcro-
brldgc 0.05 pID loQg. Thc curves arc «ilsplaccd side%'ays &om
each other by 3.75 pV foI clarity at the follovnng temperatures;
(a) 3.503, (b) 3.535, (c) 3.556, (d) 3.569, (e) 3.584, (f) 3.597, (8)
3.607, (h) 3.621, (i) 3.638, (j) 3.655, (k) 3.669, 0) 3.689, (m) 3.704,
(n) 3.737, (o) 3.751, (p) 3.759.

Figures 2 and 3 are the current-voltage characteristics
of two tin microbridges of lengths 0.05 and 0.6 pm. For
both microbridges the usual subharmonic gap structure
was observed at higher potentials. An interesting feature
of these two sets of current-voltage characteristics is the
presence of a dynamically enhanced critical-current struc-
ture at low potentials in the long microbridge (Fig. 2) and
its absence in the short microbridge (Fig. 3). (Octavio
et al. termed the dynamically enhanced critical current
the "foot".)

DISCUSSION

The RSJ model encompasses the features of the Joseph-
son effect necessary to describe the equilibrium conditions
in a microbridge. %'hen the critical current is exceeded,
an ac potential develops across the microbridge with a fre-
quency 2 eV/h=~J . The density of pairs and quasipar-
ticles in the microbridge will attempt to fluctuate at the
same frequency. If the density of pairs and quasiparticles
are unable to fluctuate at the Josephson frequency, then a
nonequilibrium condition will occur.

Thc vanous QoncquilibriuID theories Rrc cxtcns1ons
of time-dependent Ginzburg-Landau (TDGL) theory. As-
laIDazov Rnd Lark1Q gave 8 description thRt included 8
nonequilibrium electron distribution function together
with the BCS self-consistent gap equation. As they con-
sidered t1IDc-averaged qURQtlt1cs thc1r prcdlctlons RI'c rc-
strlctcd to ll,lgh voltages. Golub s approach, also bRscd
on TDGL, uses diffusion as the main mechanism of dissi-
pation of the nonequilibrium states in the bridge but does
not include inelastic scattering. The work of Schmid,
Schon, and Tinkham follows on similar lines to that of
Cxolub but they have included inelastic scattering. These
two latter theories should apply at low voltages. Exten-
S1vc cxpcriIDcQtal work was carried by Octav10 et Ql. Us-

1ng ID1crobridgcs whose lengths wcI'c Rs sID811 as 0.5 pm.
They compared experimental data on the dynamically
enhanced critical-current structure, which occurs at low

voltages in the current-voltage characteristic, to predic-
tions of Schmid, Schon, and Tinkham, and they found
considerable RgrccIDcnt.

In the model of Schmid, Schon, and Tinkham, dif-
fusion and inelastic scattering are considered to be the
most important processes in relaxing thc nonequilibrium
pair and quasiparticle populations. The starting point of
this model is to consider a superconductor with a short
mean free path ~; ~T, ~~ 1 (~; ~ is the impurity scattering
time; T', is the critical temperature of the bulk) where the
local state of the microbridge depends only on the dis-
tance from the banks.

The order parameter in the banks of a microbridge is
assumed to be the bulk equilibrium value hi, . While in
the center of the microbridge the order parameter is
depressed because of the high current density. The low-
energy quasiparticle excitations (close to the energy-gap
edge) play an important role in the enhancement of the
gap. Because of the low value of the energy gap within
the center of a microbridge those quasiparticles with ener-

gy less than hi, are trapped within the microbridge. The
two possible mechanisms that could enable them to relax
are inelastic electron-phonon scattering and diffusion.
Diffusion of a quasiparticle with energy less than hi, from
within the microbridge to the banks is not possible be-
cause there are not any states of the same energy in the
banks. Diffusion can only take place between states of the
same energy. Thus relaxation of quasiparticles of energy
less than hb from within the microbridge can only occur
by inelastic electron-phonon scattering. In a medium-
sized microbridge with a small potential (&1 pV) across
it, the Josephson period ~~ is longer than the inelastic
scattering time vE. Because there is a potential across the
microbridge the density of pairs and quasiparticies will at-
tempt to oscillate at the Josephson frequency. The inter-
change from pair to quasiparticle and vice versa must
occur by inelastic electron-phonon scattering. This pro-
cess will occur at low potentials when wE ~w~. In this
case nonequilibrium effects do not occur. However, at
higher potentials wg is shortc1 and &E ~wg. The 1nter-
change of pairs and quasiparticles is not able to occur and
nonequilibrium exists. The excess of nonequilibrium
quasiparticles gives rise to an increased potential across
thc mlcrobrldgc. This 1s thc dynRID1c811y cnhanccd crlt1-
cal current of the I-V characteristic. To describe this
dynaID1c process, Schmid, Schon, and Tinkham Used two
Boltzmann cquat10ns 1Q 8 way S1ID1181 to thc method 1Q-

troduced by Larkin and Ovchnnikov and Schmid and
Schon, who split the distribution function in two com-
ponents: the longitudinal one is associated with the varia-
tion of the modulus of the order parameter, while the
tlansvcI'sc onc 1s related to thc gauge 1Ilvar18Ilt part, oI' 1Q

other words, to the phase difference of the order parame-
ter. The supercurrent is determined by the quasiparticles
at the gap edge. The correction to the supercurrent for
finite length was also calculated. The ratio of the
enhanced supercurrent to the critical current is given in.

this model by Eq. (1):

= 1.325+0.019
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than 0.6 pm and the absence of the dynamically enhanced
critical current in the current-voltage characteristic of mi-

crobridges as short as 0.05 pm. %'e suggest that the ab-
sence of a dynamically enhanced critical current in the
short microbridges may be due to the depression of the

gap in the region of the banks adjacent to the microbridge.
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